Summary. 125I-labelled relaxin and tyrosine were infused into the ovarian vein to investigate transfer to branches of the ovarian artery at the ovarian pedicle in sheep. The ovarian arteries supply the ovary, the oviduct, and the tip of the uterine horn. An exchange of relaxin (n = 24) and tyrosine (n = 18) was observed in blood samples collected from all branches of ovarian arteries. This is expressed as a ratio of radioactivity > 1 between jugular venous blood plasma and arterial blood plasma. The average ratio ( \ m=+-\ s.d.) over the total infusion period of 1 h was 1\m=.\42 (\m=+-\0\m=.\35) for relaxin and 1\m=.\69 (\m=+-\0\m=.\38) for tyrosine with maximal values up to 4\m=.\9and 2\m=.\9,respectively. Of the total amount of substance infused (348 pmol/h), 0\m=.\22%of the relaxin and 1\m=.\19%of the tyrosine reached the adjacent arteries directly. From these investigations it is concluded that (a) molecules with a molecular weight of \m=~\6000 can be transferred directly from veins to arteries at the ovarian pedicle, and (b) the efficiency of this exchange does not only depend on molecular size.
Introduction
Blood vessels of the reproductive tract in many mammals form a unique network with a large com¬ mon contact area between veins and arteries (for review, see Ginther, 1976) . For many substances, a local transfer from veins to arteries, thus 'short-circuiting' the peripheral blood circulation, has been shown (see McCracken, Schramm & Einer-Jensen, 1984) . The focus of attention in most studies reported to date has been concentrated on steroids and prostaglandins. Radioactively labelled albumins (Coudert, Phillips, Faiman, Chemecki & Palmer, 1974; Einer-Jensen & McCracken, 1981) and methoxyinulin (Free & Jaffe, 1975) do not cross over from veins to arteries at structures with arterial rete contiguous to veins. In view of the recent reports that oxytocin is an ovarian hormone (for review, see Wathes, 1984) , the question arises, can this and other potentially physiologically active polypeptides be locally transferred? However, with the exception of the polysaccharide methoxyinulin, to our knowledge no systematic studies have been published on the transfer of substances larger than steroids but smaller than albumins.
We have investigated the local transfer of oxytocin at the ovarian pedicle in sheep and found a transfer to branches of the ovarian arteries comparable in magnitude to the transfer of steroids (Schramm, Einer-Jensen, Schramm & McCracken, 1986) . In this investigation, we have studied the transfer of relaxin and tyrosine at the ovarian pedicle. Relaxin was chosen as a model peptide of comparatively high molecular mass (~6000; Schwabe, McDonald & Steinetz, 1977; James, Niall, experiments were carried out in the anoestrous season. Before surgery, food was withheld for 24 h but free access to water was allowed. On the day of the experiments, anti-bloating suspension RumenEze (VET-A-MIX, Inc., Shenandoah, IO) (Schramm et al, 1986) .
Relaxin. Porcine relaxin (NIH, essentially pure hormone; equivalent to 3000 units by the mouse pubic symphysis bioassay using the Werner-Lambert standard Wl 164 and pure NIH relaxin; see Porter, 1979) was reacted with methyl-/>-hydroxybenzimidate (Wood, Wu & Gerhart, 1975) and iodinated with carrier free 125I (NEN, Boston, MA) by means of chloramine-T (Hunter & Greenwood, 1962) . Free iodide was separated from the radiolabelled protein by size exclusion chromatography on polyacrylamide gel (P-6, Bio-Rad, Richmond, CA). Radiolabelled relaxin (sp. act. 34 µ&/µ%) was used for infusions within 2 days of preparation.
To investigate whether free 125I or an iodinated fragment of relaxin is preferentially exchanged at the ovarian pedicle, three consecutively collected plasma samples from each vessel with the highest 125I content were pooled and aliquants (0-5 ml) were purified by gel exclusion chromato¬ graphy (6 ml gel bed of P-6). The plasma samples were eluted with phosphate buffer, pH 7-4, and aliquants of 0-5 ml were collected. 125I-labelled relaxin eluted at fractions 5 and 6, and free iodide at fractions 12 and 13. Radioactivity from fragments of the polypeptide were recovered in fractions 8-11 (2 ml). Counts of these fractions were added and the ratios to fractions 5 and 6 were compared by a paired / test.
Tyrosine. L-Tyrosine was iodinated with chloramine-T as described above. Free (1) Infusion of radiolabelled substance into OBOV; (2) and (3) collection of arterial blood from OBOA; (4) collection of arterial blood from TBOA; (5) collection of arterial blood from UBOA. artery (TBOA, site 4), and/or the uterine branch of the ovarian artery (UBOA, site 5). These arteries are in close apposition to veins originating from the ovary (ovarian branch of the ovarian vein, OBOV), the oviduct (tubai branch of the ovarian vein, TBOV), or the tip of the uterine horn (uterine branch of the ovarian vein, UBOV). In all experiments, blood collected from all branches of ovarian arteries contained higher levels of relaxin compared to jugular venous blood (see Table 1 ; Fig. 2a The percentage of 125I-labelled relaxin exchanged to ovarian arteries calculated for an average blood flow of 4 ml/min (Janson et al, 1983) varied from 01% up to 0-75% ( Fig. 3 ; average for all arteries 0-22% ± 012%). These values were calculated as averages over the 1-h infusion period. At peak values measured for a 3 min collection period, up to 1-3% of the total amount infused into the ovarian vein could be recovered in an ovarian artery after subtracting the concentration from peripheral blood (Table 1) .
Radioactive counts measured in the jugular vein, an ovarian branch of the ovarian artery (OBOA), and a uterine branch (UBOA) for the infusion experiment in Sheep R3 are shown in Fig. period. The rise of 125I-labelled relaxin derivative in the ovarian arteries occurred within 3-6 min after starting the infusion.
Tyrosine
Seven infusions of tyrosine were performed (2 each in 3 sheep and 1 infusion in 1 sheep; the latter animal developed breathing problems during the second infusion and the study was termi¬ nated). Blood was collected from 9 ovarian arteries (OBOA, « = 4; TBOA, « = 2; UBOA, = 3;
Figs 2b & 3b). As in the previous experiment, ratios of radiolabelled tyrosine in arterial and jugular blood plasma calculated over the 1-h infusion period for the first and second infusion were statisti¬ cally not different (P > 0-05). Likewise, ratios for the three branches of ovarian arteries (ovarian, tubai, and uterine branch) did not differ significantly. Although a remarkably high exchange to a uterine branch of the ovarian artery was observed (see Sheep No. T2, Fig. 2b ), in two other sheep (Nos TI & T4), a smaller amount of tyrosine was locally exchanged to an equivalent artery so that the variance within this group exceeded the variance between the groups. As an average ( ± s.d.) for all infusion experiments, 125I-labelled tyrosine was 1-69 (+ 0-38) times higher in ovarian arteries compared to peripheral blood. This is similar to the relaxin transfer (P = 0-07). The maximal exchange rate for a 3-min period (arterial:jugular peak, Table 1 ) ranged from 1-30 (Sheep Tl, OBOA) to 4-87 (Sheep T2, UBOA) with an average of 2-57. The percentage of totally infused 125I-labelled tyrosine exchanged to ovarian arteries over the 1-h infusion period ( Fig. 3b ; average for all arteries 1-2% + 0-5%) was significantly higher than for relaxin (P = 0005). The maximal amount locally exchanged to the organs within a 3 min period was on average 1-9% of the totally infused amount of tyrosine (Table 1) and was as high as 9-69% in one set of blood samples (Sheep T2, UBOA).
Although quantitatively difficult to measure, it seems that the common contact area between arteries and veins determines the exchange rate for a certain substance. This is expressed in the high variation of exchange in the same branches of different sheep (Figs 2 & 3) which reflects individual anatomical variations. In most of the experiments, elevated amounts of radiolabelled substance were detected within 3 min after onset of the infusion. After the infusions were terminated, in most cases a sharp decline in radioactivity followed (see Fig. 4 ). Only occasionally was a gradual decrease observed. The pattern of the exchange was similar for both substances.
Discussion
Two results of this study were unexpected. First, a substantial amount of relaxin is exchanged dir¬ ectly at the ovarian pedicle. Free & Jaffe (1975) could demonstrate local exchange for testosterone at the pampiniform plexus in the male rat which has a similar venous-arterial network but not for the polysaccharide methoxyinulin with a molecular weight comparable to relaxin. It therefore appears that molecular size alone does not determine whether a substance is transferred locally. This was supported by the second unexpected finding. The ratios of radiolabelled substance between ovarian arteries and peripheral blood for tyrosine (1-7) and relaxin (1-4) were not signifi¬ cantly different. Moreover, we have found an even higher exchange ratio for oxytocin (Mr 1007) in similar experiments (Schramm et al, 1986) .
The molar percentage of exchanged tyrosine was about 5 times higher than for relaxin. However, due to the difference in molecular weight for the two substances, relaxin was infused at a rate of 37 ng/min and tyrosine at a rate of IT ng/min (5-8 pmol/min for each substance). For relaxin, the organs supplied by ovarian arteries are perfused with 81 pg/min above peripheral concentration while for tyrosine 13 pg/min are directly exchanged. In evaluating potential physiological effects of directly transferred substances, these considerations become important.
Besides molecular size and polarity of the substance, there are some indications that the efficiency of the transfer is also concentration dependent (Land, Baird & Scaramuzzi, 1976) Horton & Poyser, 1976) , it has been shown that an exchange of 01% to 0-6% is within the physiological range (Land et al, 1976) . Presumably, biologically highly active substances which are not stable in the peri¬ pheral circulation might have the most pronounced effect upon local transfer. In view of their instability, these are substances that are most difficult to detect in peripheral blood. These investi¬ gations indicate that polypeptides might be included into the list of potentially regulatory signals acting by local transfer.
In view of our results, the frequently mentioned suggestion that small molecular weight sub¬ stances are more suitable for counter current transfer between veins and arteries seems unjustified. Rather, we suggest that passive exchange is governed by the partition coefficient of the exchanged substance between aqueous medium and tissues (solubility in blood, interstitial fluid, and in cell membranes; lipophilic/hydrophilic properties), and spatial size. This is only valid for substances that are not actively transferred, e.g. by receptor-mediated or specific channel mediated transport.
The amount of substances exchanged from veins to arteries is probably dependent on the common area between veins and arteries at the ovarian pedicle. This explains the high variation of radioactive counts in different animals. Thus, the individual anatomical structure at the ovarian pedicle in sheep or at the uterine adnexa in women (Bendz, 1977; Bendz, Einer-Jensen, Lundgren & Janson, 1979) might contribute to the physiological function of reproductive organs and this should be taken into consideration for diagnosis of some hormone related reproductive abnormalities.
The present and previous (Schramm et al, 1986 ) studies have demonstrated that polypeptides and other molecules might be locally exchanged and can thus potentially act as regulators of endocrine function. Venous-arterial exchange of biologically active substances might also occur in similar structures of other species, e.g. the human uterine adnexa (Bendz, 1982) and the 'rete mirabilis' in the brain (see Baker, 1979) .
